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1
METHODS FOR SYNTHESIZING METAL
MESOPORPHYRINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. appli-
cation Ser. No. 13/435,868 and claims priority to U.S. Provi-
sional patent Applications No. 61/469,791 filed on Mar. 30,
2011, No. 61/469,792 filed on Mar. 30, 2011, and No. 61/532,
301 filed on Sep. 8, 2011 and each entitled “Methods for
Synthesizing Metal Mesoporphyrins,” the entire contents of
which are hereby incorporated by reference.

GOVERNMENT INTERESTS

Not applicable

PARTIES TO A JOINT RESEARCH AGREEMENT

Not applicable

INCORPORATION BY REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISC

Not applicable

BACKGROUND

Not applicable

BRIEF SUMMARY OF THE INVENTION

Embodiments described herein are generally directed to
methods of synthesizing metal mesoporphyrin compounds.

In some aspects, a method of synthesizing a metal meso-
porphyrin compound comprises transmetallating hemin and
hydrogenating the metal protoporphyrin IX. In some embodi-
ments, the hemin is transmetallated in the presence of ferrous
sulfate. In some embodiments, the metal protoporphyrin IX is
hydrogenated using dilute ammonium hydroxide, dimethyl
formamide or n-methyl pyrrolidinone. In some embodiments,
the metal mesoporphyrin is precipitated using methyl tert-
butyl ether (MTBE). In embodiments, the metal may com-
prise tin, iron, zinc, chromium, manganese, copper, nickel,
magnesium, cobalt, platinum, gold, silver, arsenic, antimony,
cadmium, gallium, germanium, palladium, or the like. In
some embodiments, tinis the inserted metal. Inembodiments,
tin is inserted into mesoporphyrin to make stannsoporfin
using tin oxide, tin chloride, tin sulfate, tin bromide, tin
oxalate, tin pyrophosphate hydrate, tin 2-ethylhexanoate, tin
methanesulfonic acid, or tin trifluromethanesulfonate.

In some aspects, a method of synthesizing a metal meso-
porphyrin compound comprises forming a protoporphyrin
methyl ester from hemin and converting the protoporphyrin
methyl ester intermediate to a metal mesoporphyrin com-
pound through metal insertion and hydrogenation. In some
embodiments, metal insertion yields a metal protoporphyrin
dimethyl ester intermediate. In further embodiments, the
metal protoporphyrin dimethyl ester is hydrogenated in
dichloromethane over palladium catalyst to form a metal
mesoporphyrin dimethyl ester. In embodiments, the metal
mesoporphyrin dimethyl ester is heated in dilute ammonium
hydroxide to form the metal mesoporphyrin compound. In
embodiments, the metal may comprise tin, iron, zinc, chro-
mium, manganese, copper, nickel, magnesium, cobalt, plati-
num, gold, silver, arsenic, antimony, cadmium, gallium, ger-
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manium, palladium, or the like. In some embodiments, tin is
the inserted metal. In embodiments, tin is inserted into meso-
porphyrin to make stannsoporfin using tin oxide, tin chloride,
tin sulfate, tin bromide, tin oxalate, tin pyrophosphate
hydrate, tin 2-ethylhexanoate, tin methanesulfonic acid, or tin
trifluromethanesulfonate.

In some aspects, a method of synthesizing a metal meso-
porphyrin compound comprises forming a mesoporphyrin IX
intermediate from hemin by a hydrogen-free hydrogenation,
inserting a metal into the intermediate, and hydrogenating the
metallated intermediate to form the metal mesoporphyrin
compound. In embodiments, the metal may comprise tin,
iron, zinc, chromium, manganese, copper, nickel, magne-
sium, cobalt, platinum, gold, silver, arsenic, antimony, cad-
mium, gallium, germanium, palladium, or the like. In some
embodiments, tin is the inserted metal. In embodiments, tin is
inserted into mesoporphyrin to make stannsoporfin using tin
oxide, tin chloride, tin sulfate, tin bromide, tin oxalate, tin
pyrophosphate hydrate, tin 2-ethylhexanoate, tin methane-
sulfonic acid, or tin trifluromethanesulfonate.

In embodiments, a method of synthesizing a metal meso-
porphyrin compound comprises forming a mesoporphyrin IX
dihydrochloride intermediate compound and converting the
mesoporphyrin IX intermediate to a metal mesoporphyrin
compound through metal insertion. In embodiments, the
metal may comprise tin, iron, zinc, chromium, manganese,
copper, nickel, magnesium, cobalt, platinum, gold, silver,
arsenic, antimony, cadmium, gallium, germanium, palla-
dium, or the like. In some embodiments, tin is the inserted
metal. In embodiments, tin is inserted into mesoporphyrin
using tin oxide, tin chloride, tin sulfate, tin bromide, tin
oxalate, tin pyrophosphate hydrate, tin 2-ethylhexanoate, tin
methanesulfonic acid, or tin trifluromethanesulfonate. In
some embodiments, the metal mesoporphyrin halide is
stannsoporfin.

In embodiments, a metal mesoporphyrin halide may be
formed directly from hemin without isolation of any interme-
diates. In embodiments, a method of synthesizing a metal
mesoporphyrin may comprise hydrogenation of hemin and
subsequent insertion of metal. In some embodiments, no
intermediate compound is isolated. In embodiments, the
metal may comprise tin, iron, zinc, chromium, manganese,
copper, nickel, magnesium, cobalt, platinum, gold, silver,
arsenic, antimony, cadmium, gallium, germanium, palla-
dium, or the like. In some embodiments, tin is the inserted
metal. In embodiments, tin is inserted into mesoporphyrin
using tin oxide, tin chloride, tin sulfate, tin bromide, tin
oxalate, tin pyrophosphate hydrate, tin 2-ethylhexanoate, tin
methanesulfonic acid, or tin trifluromethanesulfonate. In
some embodiments, the metal mesoporphyrin halide is
stannsoporfin.

DESCRIPTION OF DRAWINGS

For a fuller understanding of the nature and advantages of
the present invention, reference should be had to the follow-
ing detailed description taken in connection with the accom-
panying drawings, in which:

FIG. 1 illustrates an exemplary low temperature, oxygen-
free synthesis of stannsoporfin and each constituent synthe-
sis.

FIG. 2 illustrates an exemplary oxidative reflux synthesis
of stannsoporfin.

FIG. 3 illustrates the structure of stannsoporfin (B992).

FIG. 4 illustrates the structure of monovinyl intermediates
(A) CJ9 and (B) CKO.

FIG. 5 illustrates the structure of'tin protoporphyrin (CHS).
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3
DETAILED DESCRIPTION

Before the present compositions and methods are
described, it is to be understood that this invention is not
limited to the particular processes, compositions, or method-
ologies described, as these may vary. It is also to be under-
stood that the terminology used in the description is for the
purpose of describing the particular versions or embodiments
only, and is not intended to limit the scope of the present
invention which will be limited only by the appended claims.
Unless defined otherwise, all technical and scientific terms
used herein have the same meanings as commonly under-
stood by one of ordinary skill in the art. Although any meth-
ods and materials similar or equivalent to those described
herein can be used in the practice or testing of embodiments
of the present invention, the preferred methods, devices, and
materials are now described. All publications mentioned
herein are incorporated by reference in their entirety. Nothing
herein is to be construed as an admission that the invention is
not entitled to antedate such disclosure by virtue of prior
invention.

It must also be noted that, as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to a “compound” is a
reference to one or more compounds and equivalents thereof
known to those skilled in the art, and so forth.

Asused herein, the term “about” means plus or minus 10%
of the numerical value of the number with which it is being
used. Therefore, about 50% means in the range of 45%-55%.

By “pharmaceutically acceptable”, it is meant the carrier,
diluent or excipient must be compatible with the other ingre-
dients of the formulation and not deleterious to the recipient
thereof.

In some aspects, embodiments are directed to a pharma-
ceutical composition comprising a compound described
herein and a pharmaceutically acceptable carrier or diluent, or
an effective amount of a pharmaceutical composition com-
prising a compound described herein and a pharmaceutically
acceptable carrier or diluent.

Embodiments herein generally relate to novel processes
for the preparation of metal mesoporphyrin halides. In
embodiments, a metal mesoporphyrin compound may be
formed by hemin transmetallation and subsequent hydroge-
nation of the metal protoporphyrin to form a metal mesopo-
rphyrin halide. In other embodiments, a method of synthesiz-
ing a metal mesoporphyrin halide comprises forming a
protoporphyrin methyl ester from hemin and converting the
protoporphyrin methyl ester intermediate to a metal mesopo-
rphyrin halide through metal insertion and hydrogenation. In
other embodiments, a metal mesoporphyrin halide may be
formed from hemin by a hydrogen-free hydrogenation
method to form a mesoporphyrin IX intermediate followed by
metal insertion into the mesoporphyrin IX intermediate and
hydrogenation of the metallated intermediate to form the
metal mesoporphyrin halide.

Tin (IV) mesoporphyrin IX dichloride or stannsoporfinis a
chemical compound having the structure indicated in FIG. 3.
It has been proposed for use, for example, as medicament in
the treatment of various diseases including, for example, pso-
riasis and infant jaundice. Stannsoporfin may also inhibit
heme metabolism in mammals, to control the rate of tryp-
tophan metabolism in mammals, and to increase the rate at
which heme is excreted by mammals.

The insertion of metal into mesoporphyrin IX dihydrochlo-
ride to obtain metal mesoporphyrin halide is described above
with specific reference to tin, to prepare stannsoporfin, a
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known pharmaceutical and a specific preferred embodiment
of the invention. It is not intended that the scope of the
invention should be limited thereto, but is generally appli-
cable to the preparation of mesoporphyrin halides, for
example, but not limited to, mesoporphyrin chlorides of other
metals such as, for example, iron, zinc, chromium, manga-
nese, coppet, nickel, magnesium, cobalt, platinum, gold, sil-
ver, arsenic, antimony, cadmium, gallium, germanium and
palladium, among others.

In embodiments, a metal mesoporphyrin compound may
be formed by hemin transmetallation and subsequent hydro-
genation of the metal protoporphyrin IX to form a metal
mesoporphyrin halide. In embodiments, hemin is transmet-
allated with a metal carrier, for example tin to form tin pro-
toporphyrin, followed by hydrogenation in a solvent, such as
n-methyl pyrrolidinone, dilute ammonium hydroxide, or
dimethyl formamide. In some embodiments, the hemin may
be subjected to transmetallation with or without the addition
of ferrous sulfate. In some embodiments, the transmetallated
hemin is treated with charcoal. In some embodiments, the
product is isolated after hydrogenation by the addition of
acetic acid or hydrochloric acid. In some embodiments, the
final product is precipitated using MTBE. In some embodi-
ments, the product is further purified by chromatography.

In other embodiments, a method of synthesizing a metal
mesoporphyrin halide comprises forming a protoporphyrin
methyl ester from hemin and converting the protoporphyrin
methyl ester intermediate to a metal mesoporphyrin halide
through metal insertion and hydrogenation. To form the
methyl ester, hemin, pyridine, and dichloromethane may be
agitated to form a solution. Ferrous sulfate, methanol, dichlo-
romethane, and HCI gas may then be added to form an exo-
thermic reaction. In embodiments, the exothermic reaction
may then be held at reflux for a period of about 2 to about 5
hours. In embodiments, the reaction may further be washed
with water and dilute ammonium hydroxide to form the pro-
toporphyrin methyl ester. In embodiments, a metal may be
inserted into the protoporphyrin methyl ester. In some
embodiments, tin may be inserted into the protoporphyrin
methyl ester using tin oxide, tin chloride, tin sulfate, tin bro-
mide, tin oxalate, tin pyrophosphate hydrate, tin 2-ethylhex-
anoate, tin methanesulfonic acid, or tin trifluromethane-
sulfonate. In embodiments, the metal protoporphyrin
dimethyl ester may be hydrogenated using an appropriate
metal catalyst in a hydrogen atmosphere to form a metal
mesoporphyrin dimethyl ester. In some embodiments, tin
protoporphyrin dimethyl ester may be hydrogenated to form
tin mesoporphyrin dimethyl ester. In embodiments, a metal
mesoporphyrin halide may be formed by heating the metal
mesoporphyrin dimethyl ester in dilute ammonium hydrox-
ide. In some embodiments, stannsoporfin may be formed
from tin mesoporphyrin dimethyl ester by heating the mate-
rial at about 70° C. to about 80° C. in dilute ammonium
hydroxide. For example, stannsoporfin may be formed by
heating tin mesoporphyrin dimethyl ester to about 75° C. in
dilute ammonium hydroxide. In some embodiments, the
product may be further purified by chromatography.

Some embodiments describe a method of synthesizing a
metal mesoporphyrin halide comprising forming a mesopor-
phyrin IX dihydrochloride intermediate compound and con-
verting the mesoporphyrin IX dihydrochloride intermediate
to a metal mesoporphyrin halide through metal insertion. In
some embodiments, hemin is hydrogenated in formic acid,
over an appropriate metal catalyst under a hydrogen atmo-
sphere, at about 80° C. to about 101° C. for about 1 hour to
about 3 hours. In further embodiments, hydrogenation of the
hemin may continue for an additional time of about 24 hours
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to about 36 hours at about 40° C. to about 60° C. For example,
hemin may be hydrogenated at about 85° C. to about 90° C. at
about 60 psi of hydrogen for about 1 hour to about 2 hours
followed and then at about 45° C. to about 50° C. for about 24
hours to about 36 hours. In some embodiments, the metal
catalyst may be palladium, nickel, platinum, palladium on
carbon, or the like. Upon completion of hydrogenation, the
reaction may be cooled to about 20° C. to about 30° C., or
about 20° C. to about 25° C., and optionally charged with
powdered activated carbon, such as that sold under the trade
name Darco KB-G. Optionally, the reaction may be agitated
prior to filtration. The reaction may be filtered through a metal
scavenger such as Hyflo Supercel to remove catalyst. Option-
ally, the filtrate solution may then be concentrated, for
example by vacuum distillation. A solution of about 1IN HCL
may then be added over about 1 hour or more to precipitate the
intermediate product. After filtration, the product is dried
under a stream of nitrogen to yield a mesoporphyrin IX dihy-
drochloride.

The second stage of the process according to one or more
embodiments of the invention is illustrated in FIG. 1 as
RPA438-03-ES with reference to tin as the inserted metal
(standard tin oxide route). In embodiments, the metal may
comprise tin, iron, zinc, chromium, manganese, copper,
nickel, magnesium, cobalt, platinum, gold, silver, arsenic,
antimony, cadmium, gallium, germanium, palladium, or the
like. In some embodiments, the metal carrier is a tin (II)
carrier. Tin (II) carriers such as tin (II) halides or tin (II)
acetate may be used. In some embodiments, the tin carrier
may be tin oxide, tin chloride, tin sulfate, tin bromide, tin
oxalate, tin pyrophosphate hydrate, tin 2-ethylhexanoate, tin
methanesulfonic acid, or tin trifluromethanesulfonate. In the
standard tin oxide route, tin (II) oxide powder may be sus-
pended in acetic acid. In embodiments, to this suspension
may be added a solution of mesoporphyrin IX dihydrochlo-
ride in formic acid under a nitrogen atmosphere and warmed
to about 60° C. to about 65° C. Once the reaction is complete,
water may be added slowly and the reaction mixture may be
slowly cooled to about 20° C. to about 30° C., or about 20° C.
to about 25° C., agitated, and filtered. The filter cake may be
rinsed with water, suspended in 1N HCl, and warmed to about
85° C.to about 95° C. for about 1 hours to about 3 hours. The
suspension may be cooled to about 20° C. to about 30° C., or
about 20° C. to about 25° C., agitated, and filtered and dried
under nitrogen to yield crude tin mesoporphyrin IX dichlo-
ride.

In an exemplary embodiment, tin (IT) oxide (SnO, 1.7 kg)
powder may be suspended in about 40.5 L of acetic acid at
about 20° C. to about 25° C. and then warmed to about 60° C.
to about 65° C. under nitrogen. To this suspension may be
added a solution of mesoporphyrin IX dihydrochloride
(B991, 2.1 kg) in about 10.5 L. formic acid over a period of
about 6 hours. The reaction may be carried out under a nitro-
gen atmosphere at about 60° C. to about 65° C. for a minimum
of'about 12 hours. The reaction may be monitored by HPLC.
Once the reaction is complete, about 17 L of water may be
added over about 0.5 hours. The reaction mixture is then
cooled to about 20° C. to about 25° C. over about 0.5 hours,
agitated for about 1 to about 3 hours and then filtered. The
filter cake may be rinsed with distilled water (USP), sus-
pended in about 1N HCI and warmed to about 85° C. to about
95° C. for about 1 to about 3 hours. The suspension may then
be cooled to about 20° C. to about 25° C., agitated for about
0.5 hours, filtered, rinsed with distilled water (USP) and dried
under nitrogen to yield about 1.3 to about 1.5 Kg of crude tin
mesoporphyrin IX dichloride (stannsoporfin).
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In embodiments, mesoporphyrin IX dihydrochloride may
be subjected to heating with a metal carrier in acetic acid, in
the presence of an oxidant, at reflux (oxidative reflux pro-
cess). In embodiments, the metal may comprise tin, iron, zinc,
chromium, manganese, copper, nickel, magnesium, cobalt,
platinum, gold, silver, arsenic, antimony, cadmium, gallium,
germanium, palladium, or the like. In some embodiments, the
metal carrier is a tin (1) carrier. Tin (II) carriers such as tin (II)
halides or tin (II) acetate may be used. In some embodiments,
the tin carrier may be tin oxide, tin chloride, tin sulfate, tin
bromide, tin oxalate, tin pyrophosphate hydrate, tin 2-ethyl-
hexanoate, tin methanesulfonic acid, or tin trifluromethane-
sulfonate.

In an exemplary embodiment, the heating is performed
with aeration, for example, by an inflow of about 6% oxygen
mixed with nitrogen for about 24 hours to about 48 hours. Air
inflow may also be used to aerate during heating. The reaction
may also be carried out in the presence of suitable acetate
counter ions include ammonium, sodium or potassium ions.
Oxidants such as oxygen from air or in pure form as well as
hydrogen peroxide may also be used. In an exemplary
embodiment, mesoporphyrin IX formate is subjected to heat-
ing with tin (IT) oxide in acetic acid, buffered with ammonium
acetate, and the reaction is conducted with aeration, at reflux.
The ammonium acetate can be eliminated. The metallated
mesoporphyrin may be isolated from the reaction mixture by
the addition of water, followed by filtration. In embodiments,
prior to drying, the cake may triturated into hot, dilute hydro-
chloric acid, preferably at concentration of about 0.1N-6N
and at an elevated temperature of about 90° C. to about 100°
C. In embodiments, the reaction yields a crude metal meso-
porphyrin IX dichloride. In some embodiments, the reaction
yields a crude tin (IV) mesoporphyrin IX dichloride.

The metal mesoporphyrin dichloride so obtained may be
further purified by dissolving the product in an aqueous inor-
ganic base solution, preferably dilute ammonium hydroxide,
followed by treatment with charcoal. In embodiments, the
product may then be re-precipitated by addition to an acid
solution, such as acetic acid, hydrochloric acid or a mixture
thereof. The above dissolving charcoal treatment and re-pre-
cipitation steps may be repeated a number of times, typically
about 1 to 3 times in order to ensure the desired purity. Prior
to drying, the cake is triturated in hot, dilute hydrochloric acid
of a concentration of about 0.1N to about 6N, at an elevated
temperature of about 90° C. to about 100° C., in order to
remove any residual ammonium salts. In embodiments, the
metallated mesoporphyrin chloride product (tin (IV) meso-
porphyrin IX dichloride or stannsoporfin) is obtained. In
some embodiments, the tin mesoporphyrin chloride product
(tin (IV) mesoporphyrin IX dichloride or stannsoporfin) is
obtained. In further embodiments, the final product, ex.
stannsoporfin, is isolated by chromatography.

In an exemplary embodiment using tin mesoporphyrin
dichloride, crude tin mesoporphyrin IX dichloride (1.7 Kg)
may be dissolved in 2% ammonium hydroxide (22 L.). A pH
check may be performed to ensure the pH is =9.0. The solu-
tion may be treated with Darco KB-G (0.1 Kg) and Hytlo
Supercel (0.2 Kg), agitated for a period of 1 to 2 hours and
filtered to remove solids. The filtrate may then be added drop
wise to acetic acid (44 L) containing hydrochloric acid (31%,
2.7 L), keeping the temperature at 20° C. to about 25° C. A pH
check may again be performed to ensure pH=<1.0. The result-
ant suspension may be agitated for 1 to 2 hours under nitrogen
prior to isolating the product by filtration. The wet cake may
then be triturated in 3N HCI (35 L) at 85° C. to about 90° C.
and agitated for about 16 hours to about 18 hours to convert
the crystalline form to monomer and remove residual ammo-
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nium salts. The suspension may be cooled to 20° C. to about
25°C. and the product isolated by filtration. The product cake
may be rinsed with 0.3N HC1 (16 L) and dried under a stream
of nitrogen to yield about 1.2 to about 1.6 Kg of Stannsopo-
rfin.

In embodiments, the metal may comprise tin, iron, zinc,
chromium, manganese, copper, nickel, magnesium, cobalt,
platinum, gold, silver, arsenic, antimony, cadmium, gallium,
germanium, palladium, or the like. Preparation of mesopor-
phyrin halides of these other metals simply entails a substi-
tution of a halide such as chloride, bromide or iodide of the
chosen metal in place of stannous chloride in the process
described, in substantially equivalent amounts.

In other embodiments, a metal mesoporphyrin halide may
be formed from hemin by a hydrogen-free hydrogenation
method to form a mesoporphyrin IX intermediate followed by
metal insertion into the mesoporphyrin IX intermediate and
hydrogenation of the metallated intermediate to form the
metal mesoporphyrin halide. Mesoporphyrin may be
obtained by reacting hemin with ferrous sulfate, palladium on
carbon, and poly(methylhydrosiloxane) (PMHS) in formic
acid at reflux and further hydrogenated with PMHS. The
product may be isolated as mesoporphyrin formate from for-
mic acid and methyl tertbutyl ether. The product may then be
carried through the dihydrochloride formation process out-
lined above. In other embodiments, the hemin was reacted
with ferrous sulfate, palladium on carbon, and poly(methyl-
hydrosiloxane) (PMHS) in formic acid and then concentrated
by rotary evaporation to remove formic acid. The ensuing
solids may be isolated by filtration and carried through the
standard tin oxide route. The resulting filtrate may then be
concentrated and dissolved in dilute ammonium hydroxide
and precipitated by addition to acetic acid or hydrochloric
acid. In some embodiments, the iron may be removed from
hemin using ferrous sulfate prior to the PMHS hydrogena-
tion. In some embodiments, the product is further purified by
chromatography.

In any of the above embodiments, the reactants, interme-
diates, and/or products can undergo additional steps of puri-
fication. In some embodiments, the additional purification
comprises treating the reactant, intermediate, or product with
diatomaceous earth and/or activated carbon. In one embodi-
ment, the treating of the reactant, intermediate, or product
with diatomaceous earth and/or activated carbon comprises
dissolving or suspending the reactant, intermediate, and/or
product in a solvent, adding diatomaceous earth and/or acti-
vated carbon, filtering off the diatomaceous earth and/or acti-
vated carbon, and recovering the reactant, intermediate, or
product from the filtrate. In some embodiments, the addi-
tional purification comprises triturating the reactant, interme-
diate, or product with hot acid, such as about 0.1 to 6N HCl in
water, preferably about 3N HCl in water. In some embodi-
ments, one, two, or three of the steps of treating with diato-
maceous earth, treating with activated carbon, and triturating
withhot acid are performed sequentially, in any order, and can
be repeated as desired.

In certain embodiments, a metal mesoporphyrin halide
may be formed directly from hemin without isolation of any
intermediates. In some embodiments, metal mesoporphyrin
compound is synthesized without isolating a mesoporphyrin
formate intermediate or a mesoporphyrin dihydrochloride
intermediate. In some embodiments, the metal mesoporphy-
rin may be synthesized using any of the above described
methods without isolating the mesoporphyrin dihydrochlo-
ride intermediate. In some embodiments, the metal mesopo-
rphyrin may be synthesized using any of the above described
methods without isolating an intermediate. In some embodi-
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ments, the metal mesoporphyrin may be synthesized using
the standard tin oxide route or the oxidative-reflux process
described above without isolating the mesoporphyrin dihy-
drochloride intermediate. In some embodiments, the metal
mesoporphyrin may be synthesized using the standard tin
oxide route or the oxidative-reflux process described above
without isolating an intermediate. In some embodiments, a
method of synthesizing stannsoporfin comprises hydrogenat-
ing hemin and heating the reaction in the presence of a metal
carrier. In some embodiments, the heating takes place in a
nitrogen atmosphere. In some embodiments, a method of
synthesizing stannsoporfin comprises hydrogenating hemin
and heating the resulting reaction with a metal carrier in acetic
acid, in the presence of an oxidant, at reflux. In embodiments,
the metal may comprise tin, iron, zinc, chromium, manga-
nese, coppet, nickel, magnesium, cobalt, platinum, gold, sil-
ver, arsenic, antimony, cadmium, gallium, germanium, palla-
dium, or the like. In some embodiments, the metal carrier is a
tin (1) carrier. Tin (IT) carriers such as tin (IT) halides or tin (II)
acetate may be used. In some embodiments, the tin carrier
may be tin oxide, tin chloride, tin sulfate, tin bromide, tin
oxalate, tin pyrophosphate hydrate, tin 2-ethylhexanoate, tin
methanesulfonic acid, or tin trifluromethanesulfonate.

In some embodiments, hemin is hydrogenated in formic
acid, over an appropriate metal catalyst under a hydrogen
atmosphere, at about 80° C. to about 101° C. for about 1 hour
to about 3 hours. In further embodiments, hydrogenation of
the hemin may continue for an additional time of about 24
hours to about 36 hours at about 40° C. to about 60° C. For
example, hemin may be hydrogenated at about 85° C. to about
90° C. at about 60 psi of hydrogen for about 1 hour to about
2 hours followed and then at about 45° C. to about 50° C. for
about 24 hours to about 36 hours. In some embodiments, the
metal catalyst may be palladium, nickel, platinum, palladium
on carbon, or the like. Upon completion ot hydrogenation, the
reaction may be cooled to about 20° C. to about 30° C., or
about 20° C. to about 25° C., and optionally charged with
powdered activated carbon, such as that sold under the trade
name Darco KB-G. Optionally, the reaction may be agitated
prior to filtration. The reaction may be filtered through a metal
scavenger such as Hyflo Supercel to remove catalyst. Option-
ally, the filtrate solution may then be concentrated, for
example, by vacuum distillation.

In any of the above embodim